
December 5, 2012 
 
CAL 4-12-003 
 
Donna L. Wichers, President 
Uranium One USA, Inc. 
907 North Poplar Street,  Suite 260 
Casper, Wyoming  82601 
 
SUBJECT:  NRC INSPECTION REPORT 040-08502/12-002 
 
Dear Ms. Wichers: 
 
This refers to the announced, non-routine inspection conducted on September 11-13 and 
October 23, 2012, at your Irigaray and Christensen Ranch Satellite facilities located in Johnson 
and Campbell Counties, Wyoming.  The purpose of this inspection was to conduct a follow up 
review of an event involving your shipment of a drum of yellowcake uranium powder to a 
Canadian licensee that, when opened, was under pressure such that uranium powder was 
ejected into the work area exposing nearby workers.  This inspection focused on your 
investigation of the event, identification of causes and extent of the condition, and corrective 
actions planned or implemented to prevent recurrence. In summary, the inspectors concluded 
that you investigated the causes and took the corrective actions necessary to prevent 
recurrence of the event.  The enclosed report presents the results of this inspection. 
 
During this inspection, the NRC staff examined activities conducted under your license as they 
relate to public health and safety and to confirm compliance with the Commission's rules and 
regulations and the conditions of your license.  Within these areas, the inspection consisted of 
selected examination of procedures and representative records, observations of activities, and 
interviews with personnel.  A preliminary exit briefing was held with you at the end of the onsite 
inspection, and a final exit briefing was telephonically held with Mr. Bill Kearney, Director of 
Safety, Health and Environment, on December 5, 2012.  No violations of NRC regulations were 
identified, and no response to this letter is required.   
 
During a portion of the inspection, the NRC inspectors were accompanied by two investigators 
from the U.S. Department of Transportation (DOT).  Any violations of DOT requirements which 
may have occurred in connection with this event will be communicated to you separately by 
DOT.  
 
In accordance with 10 CFR 2.390 of the NRC's "Rules of Practice," a copy of this letter, its 
enclosure, and your response, if you choose to provide one, will be made available 
electronically for public inspection in the NRC Public Document Room or from the NRC's 
document system (ADAMS), accessible from the NRC Web site at http://www.nrc.gov/reading-
rm/adams.html.  To the extent possible, your response should not include any personal privacy 
or proprietary information so that it can be made available to the Public without redaction. 
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Should you have any questions concerning this inspection, please contact Ms. Linda M. Gersey 
at 817-200-1299 or the undersigned at 817-200-1191.  
 

Sincerely, 
 
  /RA/ 
 

     D. Blair Spitzberg, PhD, Chief  
Repository and Spent Fuel Safety Branch  
Division of Nuclear Materials Safety 
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Wyoming Radiation Control Program Director 
 
Scott W. Ramsay 
Radiological Services Supervisor 
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B. R. Ravishankar, Director 
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EXECUTIVE SUMMARY 
 
 Uranium One USA, Inc. 
 NRC Inspection Report 040-08502/12-002 
 
This inspection was an announced, non-routine inspection of licensed activities being conducted 
at Uranium One USA, Inc.’s in-situ uranium recovery facilities located in Johnson and Campbell 
Counties, Wyoming.  This inspection included a follow up review of the licensee’s investigation of 
a pressurized drum event and the cause analysis and corrective actions taken in response to this 
event.  This pressurized drum resulted in an uptake of uranium by three occupational radiation 
workers at a uranium refinery in Canada.  The inspectors also conducted a follow up review of the 
licensee’s corrective actions taken in response to the NRC’s Confirmatory Action Letter dated 
July 5, 2012. 
 
Follow up of Confirmatory Action Letter 

 
•  The licensee shipped a drum filled with uranium concentrate powder (yellowcake) to a 

refinery in Canada that became pressurized after packaging.  When opened by the refinery 
operators, this pressurized drum expelled uranium powder into the work area resulting in 
uptakes of uranium by three operators (Section 1.2.b).   

 
• The licensee concluded that the pressurized drum was the result of two factors: (1) an 

inadequate time period for cooling and venting of dried yellowcake uranium product in the 
drums prior to lid closure, and (2) an inadequate time period in which the yellowcake 
remained in the dryer.  The licensee has since revised the applicable procedures to increase 
the drying time and to extend the time interval before installing the lids on filled drums 
(Section 1.2.d). 

 
• The licensee recently reduced the drying time that the uranium product remained in the 

dryer.  As a result, the uranyl peroxide hydrate product apparently didn’t have time to 
completely decompose in the dryer.  The uranium powder product continued to decompose 
after it was placed into the drum, resulting a pressure buildup in the drum (Section 1.2.d). 

 
• The licensee conducted temperature and pressure tests to further understand the causes of 

the pressurized drum.  In addition, the licensee collected samples of the gases within 
selected drums and samples of wet and dry uranium product.  These tests helped confirm 
that the cause of the pressurized drum can be attributed to decomposition of the uranyl 
peroxide hydrate product (Sections 1.2.d). 

 
• The NRC inspectors concluded that one contributing cause of the pressurized drum event 

included inadequate procedures.  Operating procedures did not adequately control dryer 
temperature, dryer retention time, uranium feed rate, and drum off-gas venting time.  
Although the licensee had established procedures as required by License Condition 9.6, in 
hindsight, these procedures were inadequate because they did not prevent the conditions 
that led to the pressurization of Drum WC7-3 (Section 1.2.d).   

 
• By letter dated September 21, 2012, the licensee committed to implement several corrective 

actions.  These corrective actions included the revision of selected site procedures.  The 
licensee revised the operating instructions for installing lids on drums, retaining the product 
in the dryer, controlling dryer parameters, and transporting filled drums.  The inspectors 
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confirmed that the licensee implemented all critical corrective actions by the deadlines 
specified in two letters to the NRC (Section 1.2.e). 

 
• The licensee experienced a similar event in 1998.  At that time, the licensee revised site 

procedures to include a minimum 3-hour period for cooling and off-gassing prior to sealing 
the drums.  The inspectors determined that the original 3-hour time limit was inadequate 
based on data collected during 1998 and 2012.  This data indicated that the pressure would 
continue to build in the drum for up to 4 hours after hot yellowcake material was added to 
the drum (Section 1.2.f). 

 
• In response to the pressurized drum event and associated uptakes, on July 5, 2012, the 

NRC issued Confirmatory Action Letter CAL 4-12-003, which specified several actions that 
the licensee had to complete prior to resuming shipments of drummed material.  The 
inspectors confirmed that the licensee implemented the corrective actions specified in the 
licensee’s two response letters to the Confirmatory Action Letter.  The inspectors concluded 
that the implementation of these corrective actions should prevent recurrence of the drum 
pressurization event (Sections 1.2.c and 1.2.e). 

 
• The NRC inspectors were accompanied by investigators from the U.S. Department of 

Transportation.  The investigators concluded that the shipment of the pressurized drum was 
a violation of two Department of Transportation regulations (Section 1.2.g). 
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Report Details 
 
Site Status 
 
At the time of the inspection, Uranium One USA, Inc. was mining uranium using the in-situ 
recovery process at its Willow Creek facility.  The Willow Creek facility consists of the Irigaray 
central processing plant and the Christensen Ranch satellite facility.  Uranium mining occurs at 
the Christensen Ranch site.  The Irigaray central processing plant receives the uranium-loaded 
resins from the Christensen Ranch site for further processing, drying, and packaging.   
 
At the time of the first inspection, the Irigaray site was partially in service.  The licensee 
continued to operate the elution and precipitation circuits, but the dryer was in standby.  The 
dryer had operated from October 2011 through January 2012 and again from April 2012 to 
August 3, 2012.  The licensee restarted the dryer on September 26, 2012, and the dryer was in 
operation during the October 23, 2012, inspection.     
 
The Christensen Ranch satellite facility was operating at the time of the inspection at an 
average flow rate of 3,700 gallons per minute.  By letter dated March 7, 2012, the licensee 
requested NRC authorization to increase the flow rate from 4,000 to 9,000 gallons per minute.  
The NRC accepted the application for technical review in June 2012.  At the end of the onsite 
inspection, the NRC was still reviewing this request in conjunction with the licensee’s 2008 
license renewal application. 
 
1 Follow up of Confirmatory Action Letters (92703) 
 
1.1 Inspection Scope 
  

The inspectors conducted an onsite review of the causes for the pressurized drum that 
resulted in an uptake event, the corrective actions taken by the licensee to prevent 
recurrence of the event, and the licensee’s written responses to the NRC Confirmatory 
Action Letter dated July 5, 2012 (ML12187A734).   

 
1.2 Observations and Findings 
 
   a. Overview of Licensed Operations 
 

The Irigaray central processing plant was constructed in 1977.  The plant receives wet 
resins loaded with uranium from the Christensen Ranch satellite facility.  The operational 
flow path at Irigaray includes an elution process, uranium precipitation circuit, and a 
dewatering and drying circuit.  The licensee uses a multi-hearth calciner to dry the 
uranium product.   
 
Various chemicals are added to the flow path during operations.  These chemicals 
include hydrogen peroxide, a chemical that is added during the precipitation cycle.  The 
hydrogen peroxide promotes precipitation of the uranium out of solution.  After 
precipitation, the uranium product is routed to the filter press where it’s washed and 
dewatered.  The washing process is expected to remove all residual hydrogen peroxide 
that was added during the precipitation process.  The washing process also removes the 
excess chlorides and other soluble contaminants from the yellowcake solution.  From the 
filter press, the uranium slurry is then pumped to the yellowcake thickener, a cone-
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shaped tank, for storage.  From the thickener, the yellowcake product is pumped to the 
dryer for drying. 
 
According to the license application, the dryer operates at a low temperature, 
approximately 750°F.  The dryer is a multi-hearth dryer with three different drying levels.  
The wet uranium product enters the dryer in the top hearth, and rakes move the product 
to lower hearths.  From the lowest hearth, the uranium product is directed to a discharge 
chute that leads to the drum filling system. 
 
The original design specifications state that the dryer could operate at a rate of 
300 pounds of uranium per hour; although in previous months, the licensee operated the 
dryer at about 170 pounds per hour.  The amount of product dried per hour and the 
length of time that the product remains in the dryer depends on feed rate and rake 
speed. 
 
During drying, the wet uranium product, a uranyl peroxide hydrate, undergoes several 
stages of decomposition.  The decomposition process first releases water vapor from the 
uranium molecule.  The resultant molecule releases more water vapor and hydrogen 
peroxide as it continues to decompose.  The hydrogen peroxide breaks down into free 
oxygen and water.  The heat of the dryer is supposed to promote decomposition of the 
hydrates in the wet slurry product.  In addition, the drying process is supposed to 
evaporate all free water vapor and hydrogen peroxide from the uranium product.   
 
The licensee uses moisture content to determine whether the uranium product has been 
sufficiently dried.  The dryer reduces the moisture content of the product from about 
30 percent to around 3 percent.  The uranium refinery’s quality specification requires 
moisture content to be under 20 percent, but the licensee reduces moisture content to 
about 3 percent, in part, to reduce the volume of product for packaging and shipment. 
 
After drying, the uranium product exits the dryer and is routed to a 55-gallon steel drum.  
When the drum has been filled to capacity, plant operators remove the drum from the 
loading station and place an empty drum onto the loading station.  At this point, the filled 
drum contains hot yellowcake product.  Prior to the pressurized drum event, procedures 
stipulated that the lid will remain off for at least 3 hours to allow the contents of the drum 
to continue off-gassing during cooling.  After a delay of at least 3 hours, the drum lid was 
secured onto the drum.  The drums were stored onsite until shipped to a uranium 
refinery located in Blind River, Ontario, Canada.  Prior to shipment, a worker would 
radiologically survey the drums and visually inspect the drums for abnormal conditions 
such as deformation or puncture holes. 
 

b. Overview of the Uptake Event 
 

In April 2012, the licensee began shipping drummed yellowcake material from its Willow 
Creek facility to a uranium refinery located in Blind River, Ontario.  Between April and 
June 2012, the licensee shipped nine lots of drums to the refinery.  Each lot consisted of 
up to 60 drums.  The licensee shipped 500 drums of yellowcake material to the refinery.  
The sequence of events described below which occurred at the facility in Canada was 
gathered by the inspectors from the licensee’s investigation, from documents posted on 
the website of the Canadian Nuclear Safety Commission, and through communications 
with the NRC’s counterparts in Canada.  
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The refinery opened and sampled drums from Lots 1 and 8 during April 2012 and June 
2012, respectively.  The refinery began opening drums from the third lot (Lot 7) on 
June 23, 2012.  The licensee dried and packaged this lot during the first half of May 
2012, and the licensee shipped this lot to the refinery during late May 2012.  The refinery 
operators were opening the drums from Lot 7 to collect uranium samples from the 
drums.  The first four drums from Lot 7 were opened without incident.   
 
However, one refinery operator unexpectedly discovered that Drum WC7-3 was 
pressurized when he attempted to open the drum.  When the operator loosened the seal 
ring clamp on the drum, without warning, the lid partially popped off the drum.  Uranium 
product was expelled from the drum.  The refinery later estimated that 26 kilograms of 
product was expelled.  The operator was contaminated with yellowcake material and 
received an uptake of uranium.  Two other operators in the vicinity of the event 
attempted to assist the individual, and these two operators also received uptakes of 
uranium.  Because the work was being conducted in a specially ventilated area, the 
operators were not required to wear respirators.   
 
The refinery conducted a root cause analysis of the uptake event, and the refinery 
identified one root cause—the refinery personnel did not recognize that there was the 
potential for drums to be delivered to the site in a pressurized condition.  The refinery 
submitted both draft and final root cause analyses reports to the Canadian regulatory 
authorities. 
 
In response to the uptake event, the refinery implemented several immediate corrective 
actions including segregation of the remainder of the unopened Willow Creek drums.  
The refinery suspended opening all remaining drums from the Willow Creek facility until 
it developed a plan to safely open any potentially pressurized drums.  The refinery 
conducted a visual inspection of the remaining drums, and several drums appeared to 
be bulging from elevated internal pressures.  
 
After the conclusion of the onsite inspection, the Canadian authorities approved the 
refinery’s procedure for safely venting the remainder of the unopened drums.  In 
accordance with these new instructions, the refinery vented the drums by drilling a small 
hole in the top of each drum.  After venting, operators were allowed to remove the seal 
ring and to sample the contents of each drum.   
 

   c. Issuance of NRC Confirmatory Action Letter (CAL) 
 

On June 25, 2012, two days after the uptake event, the licensee notified the NRC about 
the incident.  Although the event was not reportable, the licensee voluntarily notified the 
NRC about the event.  During this notification, the licensee informed the NRC that it had 
taken several immediate corrective actions, including suspension of shipments to the 
refinery, revision of a site procedure, and inspection of drums awaiting shipment.   
 
After several telephonic discussions with the licensee, the NRC issued a CAL to the 
licensee.  The CAL is an administrative mechanism used by the NRC to confirm a 
licensee’s voluntary agreement to take certain actions.  The NRC issued Confirmatory 
Action Letter 4-12-003 to the licensee on July 5, 2012.  The CAL stipulated that the 
licensee take four actions prior to resuming shipments of additional drums to the 
refinery: 
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• By July 9, 2012, determine whether any other yellowcake drums previously shipped 
or awaiting shipment remain unopened and take certain actions for these unopened 
drums 

 
• Conduct an investigation to determine the causes of the pressurized drum(s) and 

identify corrective actions to prevent recurrence 
 
• Provide the NRC with the results of its investigation and corrective actions taken or 

planned to prevent recurrence 
 
• Suspend shipments of uranium until NRC has completed its inspection and review of 

the licensee’s responses to the actions listed above   
 

The licensee responded to the first CAL action by letter dated July 9, 2012 
(ML12192A249).  At that time, 449 unopened drums were being stored at the refinery 
and 169 unopened drums were being stored at the Willow Creek facility awaiting 
shipment.  The licensee did not identify any other unopened drums.  The licensee 
inspected the Willow Creek drums in storage and identified several drums that visually 
appeared to be pressurized.  The licensee drilled small holes into some of these drum 
lids to relieve any residual pressure remaining in the drums.  The licensee plans to 
conduct a formal, documented inspection of the remaining 169 drums prior to shipment 
using the new drum inspection guidance provided in site procedures. 

 
The licensee responded to the second and third CAL actions by letter dated 
September 21, 2012 (ML12268A270).  This letter provided details about the licensee’s 
investigation, causes of the pressurized drum, and corrective actions taken.  Details 
about the causes of the event and corrective actions taken are provided below. 
 

   d. Causes of the Pressurized Drum 
 

A contractor conducted an independent investigation on behalf of the licensee.  The 
contractor completed its investigation on August 27, 2012.  The NRC inspectors 
reviewed the results of the investigation and interviewed the investigator.  The licensee’s 
investigation concluded that the fundamental cause of the drum pressurization was 
buildup of oxygen gas generated by the decomposition of residual uranyl peroxide 
hydrates and/or hydrogen peroxide in the dried yellowcake product.  In other words, the 
decomposition process continued even after the yellowcake product had been removed 
from the dryer, resulting in the buildup of free oxygen gas in the sealed drum.  The 
generation of free oxygen gas resulted in the pressurization of the drum. 

 
The contractor’s investigation concluded that the pressurization of the drum was the 
result of two operational conditions: 

 
• The time period for cooling and venting the dried yellowcake product in the drums 

prior to lid closure 
 

• The time period that the yellowcake remained in the dryer 
 

The time for cooling and venting the dried yellowcake product was inadequate because 
the 3-hour time limit, as specified in a site procedure, did not prevent the June 2012 



 
 
 

- 8 - Enclosure 

uptake event at the refinery.  Despite the 3-hour time delay, the drum still became 
pressurized after the lid was secured.  In response, the licensee revised the applicable 
procedure by changing the time period from 3 to 24 hours before the drum lid can be 
secured onto a drum.  In its letter dated September 21, 2012, the licensee stated that the 
24-hour time period has proven to be effective in eliminating any pressurization in drums 
of dried yellowcake.  As discussed later, the licensee conducted pressure tests and 
concluded that pressure buildup occurred for up to four hours after the material is added 
to the drum; therefore, the 24-hour time period was a conservative amount of time to 
allow for cooling and off-gassing of the uranium product.  In addition, the NRC inspectors 
noted that the 24-hour time period was consistent with the time delay in place at other 
similar facilities.  This procedure revision was implemented on June 25, 2012, two days 
after the uptake event.  
 
The time that the yellowcake remained in the dryer was inadequate because the 
decomposition process was not complete prior to discharge of the yellowcake product 
from the dryer.  The licensee reduced the drying time for Lot 7 as compared to the six 
previous lots.  The average drying time for Lots 1-6 was 4.85 hours, while the average 
drying time for Lot 7 was 3.49 hours.  The product in Drum WC7-3 was dried for 
approximately 3.4 hours.  Apparently, this reduced drying time prevented the product 
from completing the decomposition process.  The licensee subsequently revised the 
applicable site procedure to specify a minimum drying time of 4.5 hours.  The 4.5-hour 
minimum time limit was consistent with prior operational experience, because no 
significant off-gas pressure buildup problems were observed in Lots 1-6.    
 
The inspectors conducted an independent analysis of the causes of the pressurized 
drum and concluded that the two operational conditions listed above were contributing 
causes of the event.  The inspectors concluded that another contributing cause of the 
event was inadequate procedures.  Specifically, the dryer and drumming procedure had 
other instructions that contributed to the pressurized drum event.  To a lesser extent, the 
inspectors concluded that the precipitation circuit procedure was also inadequate, 
although this procedure did not have a direct impact on the drum pressurization event.  
The licensee acknowledged the inspectors’ findings in its letter dated September 21, 
2012, and revised the associated procedures accordingly.  
 
Standard Operating Procedure IR-12, “Drypack-Yellowcake Drying and Drumming,” 
Revision 9, provided instructions for dryer and drumming operations.  Yellowcake drying 
is a dynamic process that depends on several variables including dryer temperature, 
retention time, rake speed, and dryer feed rate.  A change in one variable such as feed 
rate may impact other variables such as product retention time in the dryer.   
 
The first inadequate procedure step was Furnace Operation Step 1.  This step instructed 
the operators to check that each of three hearths is maintaining the temperature 
specified by supervision.  This procedure step was inadequate because it didn’t clearly 
specify the required drying temperature.  At the time of the inspection, the operators 
were maintaining the temperature of the dryer at about 1000°F; although, the license 
application specifies a drying temperature of approximately 750°F.  The inspectors 
discussed this temperature difference with the NRC project manager, and the inspectors 
concluded that the 1000°F temperature was adequate, if the product remained in the 
dryer for the necessary amount of time. 
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The second inadequate procedure step, Step 2, instructed operators to check and adjust 
rake speed as necessary to meet the speed as specified by supervision or by product 
quality.  Rake speed has a direct impact on the amount of time that the yellowcake 
product remains in each hearth of the dryer.  The product for Lots 1-6 had remained in 
the dryer for an average time of 4.85 hours, while Lot 7 product had remained in the 
dryer for an average of about 3.5 hours.  At the time of the inspection, the licensee used 
moisture content to determine product quality.  The average moisture content of the first 
six lots ranged from 1.7 to 2.8 percent moisture content.  The average moisture content 
of Lot 7 was 3.0 percent, generally equivalent to the first six lots.  However, because the 
licensee shortened the drying time, the yellowcake product in Lot 7 did not remain in the 
dryer long enough to allow it to complete the decomposition process.  In part because of 
the shortened drying time, the product in Drum WC7-3 most likely continued to 
decompose after the lid had been sealed, creating an oxygen gas bubble in the drum.  In 
summary, this procedure step failed to provide adequate instructions to produce uranium 
product of sufficient quality. 
 
The third inadequate procedure step, Step 3, instructed operators to adjust dryer feed 
rate to obtain the product collection rate as specified by supervision.  The amount of 
product added to the dryer may have an impact on product retention time and uranyl 
peroxide hydrate product decomposition time.  This step also failed to provide adequate 
instructions to produce uranium product of sufficient quality. 
 
A fourth inadequate procedure step, Drum Loading Operation, Step 5, provided 
instructions for bolting the lid onto the drum.  Previously, this step required a minimum 
delay of 3 hours prior to installing and tightening the lid.  However, after the uptake 
event, the licensee changed the time limit to 24 hours.  The 3-hour time limit was 
inadequate to prevent the pressurization of Drum WC7-3.    
 
The inspectors questioned whether the Irigaray operators unintentionally sealed the lid 
for Drum WC7-3 prior to the 3-hour time limit, resulting in the abnormally high 
pressurization of the drum.  Based on a review of site records and operator interviews, 
the inspectors determined that the lid for Drum WC7-3 was sealed 3 hours and 23 
minutes after the drum had been filled, in compliance with the operating procedure 
requirements in place at that time. 
 
License Condition 9.6 states that written standard operating procedures shall be 
established and followed for all operational process activities involving radioactive 
materials.  The inspectors concluded that the licensee had established operating 
procedures, and operators were following these procedures.  However, the procedures 
did not prevent the drum pressurization event from occurring.   
 
The inspectors reviewed selected site procedures and interviewed various operators to 
ensure that the licensee’s staff was operating the Irigaray plant in accordance with 
procedure requirements.  The inspectors concluded that site procedures provided basic 
instructions for equipment operation; although, the procedures contained a significant 
number of errors and out-of-date information suggesting that the licensee was not 
maintaining the procedures.  License Condition 9.6 also requires the radiation safety 
officer to review all operating procedures annually; although, the number and types of 
errors identified by the inspectors suggest that the operations staff should have also 
reviewed the procedures for accuracy.  The NRC inspectors plan to review the 
licensee’s implementation of License Condition 9.6 during a future inspection. 
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As part of its investigation, the licensee collected various samples and conducted special 
tests to further understand the reasons for the pressurized drum.  The inspectors 
reviewed these tests and sample results and discussed their significance with licensee 
representatives.  These samples and tests included measurement of product 
temperature, measurement of drum pressure, sampling of the free gases within two filled 
drums, and sampling of the wet uranium product for hydrogen peroxide and moisture 
content.  

 
The licensee measured the cool down rate for seven drums of product on July 6, 2012.  
This test was conducted, in part, to determine if there was sufficient heat to create 
decomposition of residual uranyl peroxide hydrates or hydrogen peroxide in the product.  
The first measurement was taken 5 minutes after the drums were filled.  At 5 minutes, 
the seven drums averaged 151°F.  The product cooled to an average of 125°F in 3 
hours and to an average of 121°F in 24 hours.  The last measurement, taken 48 hours 
after the drums were loaded, averaged 99°F with an ambient temperature of 92°F.  (The 
high ambient temperature may have slowed the cool down of the product after the 24-
hour delay.)  According to the refinery’s quality specifications, slow decomposition will 
occur at 230°F, while rapid decomposition will occur at 329°F.  These test results 
indicate that the uranium product is drummed at temperatures below the slow 
decomposition temperature necessary for initiating the decomposition process.   
 
During its investigations, the licensee concluded that convex or concave slopes on drum 
lids were not always indicative of the pressure in the drums.  That is, a bulging lid does 
not always mean that the drum is pressurized.  Many drums were recycled, and a 
recycled drum lid did not always retain its original shape.  Therefore, the licensee could 
not always confirm if a drum was pressurized based on the visual shape of the lid.  The 
licensee created a test drum with a pressure gauge to measure the buildup pressure 
after being filled and sealed with dried product.  The licensee first attempted these tests 
in late July 2012, but the licensee repeated the tests in early August 2012.  The results 
indicate that the drum pressure peaked at 3.5-4.0 hours after filling.  During testing, the 
pressure in the drum was limited for safety reasons; therefore, the licensee did not 
measure peak pressure.  In summary, these test results suggest that the 3-hour 
procedure limit for sealing the drums was inadequate because pressure continued to 
build in the drums for up to 4 hours after filling.   
 
The licensee collected gas samples from two pressurized drums.  The licensee 
submitted these samples for laboratory analysis in mid-August 2012.  One sample result 
contained 43-percent oxygen and 57-percent nitrogen.  The second sample contained 
30-percent oxygen and 69-precent nitrogen.  (Atmospheric air normally contains about 
21-percent oxygen and 79-percent nitrogen.)  The carbon dioxide and carbon monoxide 
concentrations were essentially zero.  These test results suggest that the excess free 
oxygen was the result of the decomposition of hydrogen peroxide, which decomposes 
into water vapor and free oxygen.  The results also indicate that there were no organics 
in the product, including oil, to create carbon-based gases. 
 
Traditionally, the licensee used moisture content to confirm the dryness of the product; 
however, analyzing for moisture content does not account for the hydrogen peroxide or 
decomposing hydrates remaining in the product.  In August 2012, the licensee analyzed 
one wet yellowcake sample for percent hydrogen peroxide content and moisture content.  
This sample was supposed to be representative of the wet product as it enters the dryer.  
The moisture content was about 29 percent, and no hydrogen peroxide was identified in 
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the sample.  These results suggest that the process circuit was effectively removing the 
hydrogen peroxide from the uranium product prior to entry into the dryer.  However, the 
laboratory was not confident of this hydrogen peroxide sample result.  As noted below, 
the licensee elected to collect four additional wet and dry yellowcake samples for 
analysis of hydrogen peroxide content during October 2012.  The laboratory did not 
identify detectable quantities of hydrogen peroxide in these four additional samples.   
 
The inspectors questioned whether other extraneous factors might have resulted in the 
buildup of free oxygen in the drum.  To begin with, the inspectors questioned whether 
the age of the drum was a factor.  Drum WC7-3 was a new drum with a new seal ring, 
but the new drum was apparently equivalent to recycled drums.  The inspectors also 
questioned if organics had impacted the drying process.  The licensee stated that it had 
inspected the dryer internals and controls during October 2011, and there was no 
evidence of grease or oil leaks prior to restart of the dryer.  These maintenance 
inspections suggest that the dryer’s internal mechanisms would not have been a source 
of hydrocarbons in the final product.  The licensee also inspected and upgraded certain 
dryer controls during April 2012, suggesting that the dryer controls operated as 
designed.  In addition, the floor sumps were segregated to help prevent the introduction 
of spilled oils and other hydrocarbons from entering the process circuits.  Further, there 
was no evidence of resins in the uranium slurry product that might have interfered with 
the drying process or created an exothermic reaction in the drum.  Finally, there was no 
evidence that trace quantities of vanadium in the product may have impacted the 
decomposition process.   
 
After the uptake event occurred, the Blind River refinery identified some dark product 
material in Drum WC7-3 that could be representative of organics.  Hydrocarbon-based 
organics have been identified in the past as a source of exothermic reactions of 
drummed yellowcake product [See NRC Information Notice 99-03, Exothermic 
Reactions Involving Dried Uranium Oxide Powder (Yellowcake)].  The licensee 
suspected that this dark material was scrubber settling tank sediment that had been 
recycled through the precipitation and drying process.  Scrubber material consists of 
uranium dioxide (UO2) and/or triuranium octaoxide (U3O8) product.  This scrubber 
sediment physically resembled the dark material seen in the drum.  
 
At the request of the licensee, the refinery conducted an analysis of a sample from 
Drum WC7-3 as well as four samples obtained from other lots in October 2012.  These 
sample results indicate that the drums contained uranium product that met all 
specifications except vanadium.  The refinery was aware of the vanadium in the product 
beforehand.  Extractable organics in all five samples were less than or equal to 
0.01 percent with a specification limit of 0.1 percent.  Consequently, it can be concluded 
that the dark material in Drum WC7-3 was not representative of organics.  The 
laboratory analysis also suggested that the dark material was probably triuranium 
octaoxide (U3O8) material; although, the laboratory was unable to fully characterize the 
sample from Drum WC7-3 because it contained amorphous material that could not be 
analyzed due to a lack of crystalline structure.  In summary, the sample results indicate 
that the uranium material in Drum WC7-3 was physically similar to the other four 
samples, obtained from other lots, although some triuranium octaoxide material was 
apparently identified in Drum WC7-3.  As noted earlier, the licensee concluded that the 
triuranium octaoxide was scrubber sediments and not organics. 
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   e. Corrective Actions Taken in Response to Event 
 

In response to the June 2012 pressurized drum event, the licensee implemented several 
immediate corrective actions, including suspension of drum shipments, revision of the 
drumming procedure, and inspection of drums in storage.  The licensee discussed some 
of these corrective actions in its letter dated July 9, 2012. 
 
In its second CAL response letter dated September 21, 2012, the licensee proposed four 
corrective actions that it would take prior to resuming shipments of drums of yellowcake 
from the facility.  The first corrective action was to increase the time interval that filled 
drums were left unsealed before securing the lid onto the drum.  This would ensure any 
potential off-gassing would occur while the product cooled before sealing the drum.  As 
noted earlier, the licensee changed the time limit from 3 hours to 24 hours on June 25, 
2012, two days after the uptake event.  The licensee also added a form to the procedure 
to clearly document the drum lidding times. 
 
The second corrective action was to increase the drying time (dryer residence time) to at 
least 4.5 hours per drum.  In the licensee’s letter dated September 21, 2012, the 
licensee stated that it would increase the dryer residence time to at least 4.5 to 5.0 hours 
per drum of yellowcake.  This residence time would be consistent with previous drying 
campaigns which did not result in significant off-gassing or pressure buildup in the first 
six lots of product drums.  As noted earlier, Lots 1-6 were dried for an average of 
4.85 hours, while Lot 7 was dried for an average of 3.49 hours.  The licensee 
implemented this procedure change on September 25, 2012.   
 
The third corrective action was to update the dryer and packaging procedure to include 
improved instructions such as adjustment of feed rate and the setting of the dryer hearth 
temperatures.  The licensee implemented these procedure changes on September 25, 
2012. 
 
The fourth corrective action was to revise the yellowcake shipping procedure to include 
enhanced visual inspections of sealed drums.  The licensee will conduct these 
inspections, in part, to assess for indications of pressurization.  The licensee revised 
Procedure HP-19, “Shipping Radioactive LSA Material,” on September 27, 2012.  The 
inspectors reviewed the procedure during the inspection.  In summary, the procedure 
provided sufficient information for the individual who will be conducting these drum 
inspections.  Although the licensee updated the procedure as stipulated in its letter, at 
the end of the inspection period the licensee had not completed the retraining of the 
technicians.  The licensee plans to complete this training prior to resuming shipments of 
yellowcake material from the facility.   
 
The licensee’s investigation also identified several other proposed corrective actions that 
were not critical to prevent recurrence of the drum pressurization event.  These 
proposed corrective actions included routine inspection of the dryer internals, inspection 
and testing of the dryer controls, and update of the precipitation circuit procedure.  
Because these proposed corrective actions were not critical for resumption of shipping, 
the licensee stated that it would implement these corrective actions by December 15, 
2012.  These corrective actions were incomplete at the end of the onsite inspection, and 
the NRC will review these corrective actions during a future inspection. 
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Finally, in its September 21, 2012, letter, the licensee stated that it would conduct 
additional tests of both wet and dried yellowcake product to determine the amount of 
hydrogen peroxide remaining in the samples.  The licensee collected two wet samples 
and two dry samples during October 2012.  The results indicate that the hydrogen 
peroxide content in the wet and dry product samples were less than 0.1 percent.  These 
sample results suggest that free hydrogen peroxide was not present in the wet product 
going into the dryer or the dry product exiting the dryer.   
 
One of the Blind River refinery’s proposed corrective actions was to establish a quality 
specification for hydrogen peroxide content in uranium product.  The updated quality 
specification references the risk associated with drum pressurization due to 
decomposition of uranium peroxide and requires producers to inspect their drums to 
ensure there are no visible signs of drum pressurization prior to transporting to the 
refinery.  The updated quality specification also requires producers to not seal the drums 
until the product has cooled below the decomposition temperature.  The inspectors 
noted that the licensee’s corrective actions will address these revised quality 
specifications. 
 
In summary, by letter dated September 21, 2012, the licensee notified the NRC that it 
had implemented all conditions of the NRC’s CAL dated July 5, 2012, and it requested 
that the NRC close the CAL.  Closure of the CAL will allow the licensee to resume 
shipments of drummed yellowcake material.  The NRC’s closure of the CAL will be 
provided to the licensee under separate correspondence. 

 
   f. NRC Information Notice 99-03 

 
Similar drum pressurization events occurred at several facilities in the past.  One of 
these events occurred at the Irigaray central processing plant.  On April 15, 1998, a 
worker received an uptake while trying to open a pressurized drum containing 
yellowcake material.  Although the site worker experienced an uptake, the worker’s dose 
was within the occupational limits specified in 10 CFR Part 20.   
 
After the 1998 event, the licensee conducted an investigation to determine why the drum 
was pressurized.  The licensee concluded that the incident was caused by oxygen 
buildup in the drum.  The oxygen was generated by the decomposition of hydrogen 
peroxide into water and free oxygen.   
 
At that time, the licensee tried to recreate the event using pressure gauges installed on a 
drum lid.  The licensee filled a test drum with hot product and measured the pressure of 
the drum over time.  The drum reached the maximum pressure between 3-4 hours after 
filling, with the greatest rise observed within the first hour.  Drum pressure started to 
subside after about 5 hours.  The licensee also sampled the air collected from the top of 
the drum, and the sample results indicate that the air consisted of 62 percent oxygen, 
38 percent nitrogen, and traces of carbon dioxide.  These sample results suggest that 
the excess oxygen was created from the chemical breakdown of hydrogen peroxide that 
was entrained in the material.  These two test results were consistent with the licensee’s 
recently completed pressure tests and gas sample results. 
 
The licensee implemented corrective actions in 1998 to prevent recurrence of the event.  
One corrective action included revision of a site procedure to provide a specified time 
delay prior to installation of the drum lid and seal ring.  This time delay was set at 
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3 hours, based on the understanding that most of the pressure buildup would occur 
within the first 3 hours.  This procedure change was expected to give the yellowcake 
product time to cool, and to release any gases, prior to sealing the lid onto the drum.   
 
The inspectors noted that the licensee’s 1998 investigation findings differed slightly from 
the 2012 investigation findings.  The 1998 investigation findings suggested that the 
product contained excess hydrogen peroxide, carried over from the precipitation circuit, 
while the licensee’s 2012 investigation concluded that the hydrogen peroxide originated 
from either the decomposition of the uranyl peroxide hydrates or excess hydrogen 
peroxide in the dried product.  The licensee’s 2012 investigation results also suggested 
that free hydrogen peroxide was not likely to be present in the final product, because any 
residual hydrogen peroxide in the wet product should have evaporated during drying.  As 
noted earlier, the licensee submitted samples of both wet and dry yellowcake product for 
offsite analysis during October 2012.  The samples were supposed to be representative 
of the quality of the material entering and exiting the dryer.  The laboratory was unable to 
identify any free hydrogen peroxide in any of the samples, suggesting that the 
dewatering and drying circuit was removing all free hydrogen peroxide.  In summary, the 
2012 investigation results suggest that the primary source of the free oxygen in Drum 
WC7-3 was most likely from the decomposition of the uranyl peroxide hydrates versus 
free hydrogen peroxide being carried over from the precipitation circuit. 
 
In response to the April 1998 event at the Irigaray site, and several other events that 
occurred at other facilities, the NRC elected to issue an Information Notice to the 
industry.  The NRC issued Information Notice 99-03, “Exothermic Reactions Involving 
Dried Uranium Oxide Powder (Yellowcake),” on January 29, 1999.  This Information 
Notice informed the industry that the production of gases was possible due to either 
decay of hydrogen peroxide into moisture and free oxygen or from the mixture of 
hydrocarbon contaminants and yellowcake in the final product.  At that time, the 
suggested corrective actions included revision of site procedures to ensure that the drum 
lids remained off the drums for a minimum of 3 hours after filling.  The Information Notice 
states that this corrective action appears to have been sufficient to prevent future 
incidents.  In response to the 1998 event, the licensee revised its drying and drumming 
procedure to include this 3-hour time limit.   
 
In summary, a drum of licensee product experienced a pressurization incident in June 
2012 that was similar to the event that occurred in 1998.  The corrective actions taken in 
1998 appeared to be consistent with information that was available at that time.  As 
noted earlier, the licensee believed that the majority of the pressure buildup occurred 
within the first 3 hours; therefore, the licensee implemented the 3-hour time limit in site 
procedures.  In hindsight, the 3-hour time limit was insufficient to prevent the June 2012 
drum pressurization event.  The licensee conducted testing in 1998, and these test 
results indicated that drums continued to pressurize until 3-4 hours after filling.  The 
licensee also conducted several pressure tests during 2012 and concluded that drum 
pressure peaked at about 3.5-4.0 hours after the dried material is placed in the drum.  
Both sets of test results suggest that 3 hours is an insufficient amount of time for off-
gassing the hot uranium product.  As noted earlier, the licensee subsequently revised 
the applicable drumming procedure to change the time limit from 3 to 24 hours in 
response to the June 2012 uptake event.  All tests and guidance information indicates 
that the 24-hour time limit is more than sufficient to allow for any off-gassing that may 
occur after the product has been placed in the drums.  
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   g. Transportation of Drum WC7-3 
 

The licensee dried and packaged Lot 7 in the first half of May 2012, and the licensee 
shipped this lot to the refinery in late May 2012.  During the inspection, investigators 
from the U.S. Department of Transportation (DOT) conducted a review of transportation 
activities, including the transportation of Drum WC7-3.  The NRC inspectors coordinated 
with and supported the DOT investigators during the inspection.  
 
In summary, the investigators determined that the shipment of the pressurized drum was 
a violation of DOT regulations 49 CFR 173.24(b)(3) and 49 CFR 173.475(a).  Regulation 
173.24(b)(3) states that there will be no mixture of gases or vapors in the package which 
could, through any credible spontaneous increase of heat or pressure, significantly 
reduce the effectiveness of the packaging.  Regulation 173.475(a) states that, before 
each shipment of any Class 7 (radioactive) materials package, the offeror (the licensee) 
must ensure, by examination or appropriate tests, that the packaging is proper for the 
contents to be shipped.   
 
The DOT investigators determined that the drum was not the proper package for 
pressurized uranium product.  Further, the packaging process was inadequate because 
it allowed gases and vapors to increase the internal pressure of the package, resulting in 
the rapid depressurization of the drum when the package was opened.  The DOT 
investigators informed the licensee of these violations at the conclusion of the onsite 
inspection, and the investigators cited the licensee using DOT’s enforcement process. 
 
The DOT investigators also discussed the requirements of regulation 49 CFR 
173.22(a)(4) with the licensee.  This regulation requires the licensee to adhere to the 
closure instructions as provided by the manufacturer.  The drum manufacturer provided 
instructions for closing the drums, including a requirement to torque the drum seals.  The 
investigators discussed these drum closure instructions with the licensee. 
 

1.3 Conclusions 
 

The licensee shipped a drum filled with uranium concentrate powder (yellowcake) to a 
refinery in Canada that became pressurized after packaging.  When opened by the 
refinery operators, this pressurized drum expelled uranium powder into the work area 
resulting in uptakes of uranium by three operators.   
 
The licensee concluded that the pressurized drum was the result of two factors: (1) an 
inadequate time period for cooling and venting of dried yellowcake uranium product in 
the drums prior to lid closure, and (2) an inadequate time period in which the yellowcake 
remained in the dryer.  The licensee has since revised the applicable procedures to 
increase the drying time and to extend the time interval before installing the lids on filled 
drums. 
 
The licensee recently reduced the drying time that the uranium product remained in the 
dryer.  As a result, the uranyl peroxide hydrate product apparently didn’t have time to 
completely decompose in the dryer.  The uranium powder product continued to 
decompose after it was placed into the drum, resulting a pressure buildup in the drum. 
 
The licensee conducted temperature and pressure tests to further understand the 
causes of the pressurized drum.  In addition, the licensee collected samples of the gases 
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within selected drums and samples of wet and dry uranium product.  These tests helped 
confirm that the cause of the pressurized drum can be attributed to decomposition of the 
uranyl peroxide hydrate product. 
 
The NRC inspectors concluded that one contributing cause of the pressurized drum 
event included inadequate procedures.  Operating procedures did not adequately control 
dryer temperature, dryer retention time, uranium feed rate, and drum off-gas venting 
time.  Although the licensee had established procedures as required by License 
Condition 9.6, in hindsight, these procedures were inadequate because they did not 
prevent the conditions that led to the pressurization of Drum WC7-3.   
 
By letter dated September 21, 2012, the licensee committed to implement several 
corrective actions.  These corrective actions included the revision of selected site 
procedures.  The licensee revised the operating instructions for installing lids on drums, 
retaining the product in the dryer, controlling dryer parameters, and transporting filled 
drums.  The inspectors confirmed that the licensee implemented all critical corrective 
actions by the deadlines specified in two letters to the NRC. 
 
The licensee experienced a similar event in 1998.  At that time, the licensee revised site 
procedures to include a minimum 3-hour period for cooling and off-gassing prior to 
sealing the drums.  The inspectors determined that the original 3-hour time limit was 
inadequate based on data collected during 1998 and 2012.  This data indicated that the 
pressure would continue to build in the drum for up to 4 hours after hot yellowcake 
material was added to the drum. 
 
In response to the pressurized drum event and associated uptakes, on July 5, 2012, the 
NRC issued CAL 4-12-003, which specified several actions that the licensee had to 
complete prior to resuming shipments of drummed material.  The inspectors confirmed 
that the licensee implemented the corrective actions specified in the licensee’s two 
response letters to the CAL.  The inspectors concluded that the implementation of these 
corrective actions should prevent recurrence of the drum pressurization event. 
 
The NRC inspectors were accompanied by investigators from the U.S. DOT.  The 
investigators concluded that the shipment of the pressurized drum was a violation of two 
DOT regulations. 
 

2 Exit Meeting Summary 
 

The NRC inspectors presented the preliminary inspection results to the licensee’s 
representatives at the conclusion of the first onsite inspection on September 6, 2012.  
The inspectors conducted a second exit briefing at the conclusion of the second onsite 
inspection on October 23, 2012.  The NRC staff conducted a final exit briefing with 
licensee representatives by telephone on December 5, 2012.  During the inspection, the 
licensee did not identify any information reviewed by the NRC inspectors as proprietary 
that was included in the report. 
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